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1. Introduction

Study has been shown that farm mechanization accounts for the
drudgery of farming works aside from increasing the farm efficiency and
productivity in some countries. However, socio-culture and behavior and
farming management systems are barriers in increasing the adoption level of
farm mechanization systems in some South East Asia countries. In Indonesia,
these barriers are nature since to increasing the recent subsistence agricultural
system to the commercial agriculture would transform the recent socio-culture
and behavior of the local people about adoption the relatively new system such
as farm machinery. Therefore, it needs reformulation of the farming
management system to consider the socio-culture and behavior to avoid
inappropriate machinery management offered in a given region. The
problem arises in acquiring the data observed and analyzing the socio-culture
and behavior variables to the decision making process. It 1is because
socio-culture and behavior problem in planning decisions is a complex and fuzzy
problem without a cut and dried solution, while such kind of various criteria and
alternatives of different decision makers must be considered for optimal decision
making. The difference in these approaches is usually related to particular
problem aspects such as the number involved in decision making and the degree
of vagueness (fuzziness) of human judgment. To coping this problem decision
support system software i1s developed to acquire the socio-culture and behavior



of the local people’s conditions and analysis such kind of data. It is designed to
assist the decision maker to identify the important socio-culture and behavior
criteria that underlie farmers to make a decision, and to give advice on the
appropriate farm machineries in a given region. It is hoped to supporting a
farm mechanization plan before it is applied to farmers, to avoid fault of work,
and wasting subsidy if it failed after its application in mechanization project.

2. Decision Support System in Farming Mechanization Management

The developed Decision Support System (DSS) is a computer based
system for aiding decision makers who deal with farm mechanization planning
such as local government and manufacturers of farm machineries. The DSS
used matlab and C++ for program based and comma separated variables for
tabular data. The intelligent system is developed to cope with the problem of
quickly perceiving and computing the complex data since the problem is a
complex and fuzzy problem without a cut and dried solution. The inputs are
socio-culture and behavior data observed from a given region. The outputs are
presenting the set of alternatives with explanations to support the decision
maker in making decisions.

3. Intelligent Reasoning Systems for Decision Support System

In order to enhance the analyzing process acquiring the human
reasoning, the DSS uses inference method that can reason more efficiently
about occurring kinds of data such as what underlies the farmer making a
selection of farm machineries that the decision maker can analyze for better
understanding and better decision for a given region problem. Such systems are
utilizing to the ANFIS system (Adaptive Neuro-fuzzy Inference System), and
referring the FAHP (Fuzzy Analytic Hierarchy Process), and the ACO-F (Ant
Colony Optimization with Fuzzy restricted goals).

The ANFIS model is utilized to select the important perceptional and
behavioral variables or criteria and determine the farmer’s interest in farm
equipment. From some variables from the questionnaire, the output is fed to the
FAHP model for assessing farmer’s perceptions and calculating their perceived
important criteria to propose the best appropriate selection. The triangular
fuzzy member is utilized for the fuzzification of the crisp Pair-wise Comparison
Matrix (PCM). The Given crisp PCM, having the values ranging from 1/7 to 7,
are fuzzified using the triangular fuzzy number /=(/, m,u). The alpha cut analysis
is applied to transform the total weighted performance matrices into interval
performance matrices to account for the uncertainty in the fuzzy range chosen.
The confidence value ranges from 0 to 1, from the least confident to the most
confident. The alpha cut analysis is used to transform the fuzzy performance
matrix representing the overall performance of alternatives with respect to each
criterion into an interval performance matrix to rank the level of importance of
each criterion of behavioral judgments for each criterion from fuzzy



environments. In the other side, the ACO is developed as a learning system tool
using a biologically-inspired agent that is set up to emulate decision-making
behaviors by demonstrating the implications of various decision model types,
with various ant internal behaviors toward the targets. In ACO model, the finite
state automata engine is designed to simulate the agents’ searching for foods in
specified boundaries, demonstrates the agents’ behavior in finding the foods,
and calculates the successful number of agents finding the foods, to compare the
implications of each ant behavior. Then the ACO is set to gather the information
about the variables based on the objective function stated using our developed
heuristic algorithm. The objective function is stated based on three most
important variables: cost, preference and profit expectation. The level of
important (high, moderate and low) of the attributes combination is set as
subjective weight using eight defined objective fuzzy rules to satisfy the
constraints for the goals (the profit expectation should be higher than goal profit

expectation (f,g > G, ), the cost should be less than goal cost ( f, <G.), and the

preference level should be higher than goal preference level (f, >G,)). The

preferable mix combination selections are determined by specified fuzzy
subjective classification of the decision maker using fuzzy logic reasoning
subsystem.

4. Validation of the Proposed Decision Support System

Each method is tested and evaluated using real data from North
Sulawesi Province, Indonesia. The data used were 51 farmers observed and 74
students (representing young people) observed from three upper secondary
schools in North Sulawesi Province Indonesia using questionnaires. Three kinds
of interest perception to the hand tractors, small tractors and cow and plow are
the alternatives of selection in this attempt as they are the most known farm
machineries in the observed area to evaluate the system. The farmers’ opinion
was also assessed to obtain their subjective opinion without direction with
questionnaire for making comparison the negative and positive perception
impact to the farm machineries selection model.

The proposed DSS has been testified with resulting satisfactory solution
as the set up rules and the objective function fed in the models with the data
gathered. The ANFIS model gives satisfaction to identifying the important
variables of the interest in farming jobs of the young people, and the important
variables to the prediction of farmers’ interest in farm machinery as set up using
some rules and ANFIS parameters. The FAHP model is also tested with
satisfactory to acquire the objective function in the algorithm with subjective



perception of farm machinery interest to the farmers to explain the criteria
contribution to the ranking of selection. The ACO-F is satisfactorily simulating
the virtual ants as stated in our optimal heuristic algorithm to finding optimal
restricted mix attributes of machineries’ criteria as stated in the optimization
function with fuzzy goals we developed.

5. Results and Discussions

The results show that the proposed intelligent DSS are sophisticated for
socio-culture and behavioral complex problem solution. The ANFIS approach
produces reliable results in selecting the important variables of human
perception and behavior which are complex and non linear. The FAHP
numerical examples with data observed are demonstrated and the results of the
hierarchical assessment approach are subsequently proposed. The problem in
determining appropriate farm machinery in relation to the dynamics of farmer
preferences is addressed with showing the optimistic, pessimistic, and moderate
(kansei words) of decision makers’ attitude behavior to the alternatives. The
results of ACO-F show that the efficacy of biologically-inspired agents as a
learning simulator demonstrates the implications of the behavioral decisions
meta-heuristically to find the optimal mix combination as specified in fuzzy
restricted functions. The implementation of the ACO-F 1is useful for
determining appropriate farm machinery and guiding the planning and
evaluation of such kind of farm machinery being offering in selected regions
according to the local preferences and decision maker limitations.

6. Conclusions and Future Works

More informative decisions for several models are recognized and the
more appropriately accurate selected farm machine can be modeled using this
DSS by acquiring the socio-culture and behavior of the local people condition
and giving advice for appropriate machinery. The advantage of this system is in
intelligent analysis of the complex data for identification, prediction,
determination, and classification with excelling in reasoning out such complex
problems to the optimal decision support. It would aid problematic imprecise
judgment of decision makers to incorporating some parties’ perception, some
criteria with some alternatives for determining appropriate relatively new
systems offered in a given region.

Future work would be in developing a bio-economic model to
incorporating this system to give more information to the impact of socio-culture
& behavior change to the economic outcome in an integrated planning system of
specific farming crops in a given region.
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